"Forest health," a term broadly used in US forest management, has been described as a normative term that implies one ecological state is better than another and as a positive goal for forests that stakeholders can rally around. The definitions stakeholders brought to a participatory adaptive management program in central California may be thought of as reflective of mental models shaped by experience and culture. Perceptions of forest health and the potential link to ideas about management were assessed through 42 in-depth interviews of individuals concerned about forests in the study area. Four views of forest health emerged, characterized here as oriented to biodiversity, ecological processes, history, and management. These were not clearly linked to divergent opinions of what participants consider appropriate forest management tools. Definitions were not mutually exclusive or rigid, revealing opportunities for reconciliation and social learning. Working to establish unified ecological goals has been suggested as a first step for collaborative and participatory projects. Longer-term participants tended to espouse the process-oriented view of forest health, perhaps reflecting the development of a hybrid culture of shared meanings, norms, and expectations about team processes fostered through the social learning that is key to adaptive management.
F
orest health is a term been broadly used in forestry programs throughout the United States. The phrase is also important in national policy as the Healthy Forest Initiative (2002) and the Healthy Forests Restoration Act (2003) establish. In California, the Sierra Nevada Framework of 2004 charges the US Forest Service with using adaptive management to implement programs for creating healthier and more fire-resistant forests (US Forest Service 2004) . There is, however, little consensus on a specific meaning or a selection of criteria that define what a healthy forest is. It has been suggested that this lack of definition can hinder public participation processes (Hull et al. 2003) . However, through the social learning involved in participatory adaptive management, there is the possibility of developing agreement on terms such as forest health via the creation of a hybrid culture of shared norms that might lead to broader acceptance of what constitutes successful management action and outcomes (Earley and Mosakowski 2000) .
Using the terminology of health for ecosystems has been described as normative, because it is value laden, implying that there is a healthy ecosystem state that is better than other states (Lackey 2001) . There is actually little agreement on the meaning of forest health in the forest ecology literature. Social scientists have pointed out that conditions are seen as healthy through the lens of an individual's values and policy preferences or through individual mental models shaped by experience and culture (Norman 1983) , and that deciding what ecosystem conditions are healthy is the product of political or social deliberations, not scientific results (Lackey 2001 , Hull et al. 2003 , Warren 2007 . Nevertheless, the term forest health conveys, in nontechnical terms, the message of a positive goal for the forest. This positive goal is one that stakeholders can rally around, and defense of the term and attempts at definition are common (Ross et al. 1997 , Raffa et al. 2009 ).
As defined in the scientific literature, in an adaptive management program, management is designed as a series of experiments to test and evaluate management alternatives and requires a focus on learning (Walters and Holling 1990, Gregory et al. 2006) . Although adaptive management allows the testing of methods for managing the forest, it cannot set the goals for the forest, making a shared understanding and appreciation for these goals crucial to the perceived success of a management initiative. In fact, at the conclusion of a management project, participants will assess the success or failure of the project based on their understanding of the goals for the project. If that goal is forest health, disparate understandings of the term could lead to very different assessments of the results. The Sierra Nevada Adaptive Management Project (SNAMP) was initiated in 2005 when the US Forest Service brought in researchers from the University of California to evaluate the impacts of patterns of forest thinning to reduce fire hazard on wildlife, watershed, and forest health. The participation of the public, agency personnel, and university scientists in the design, implementation, and interpretation of adaptive management research was part of the project from the beginning. It offers the opportunity to examine the ideas and definitions for forest health brought to the program by diverse participants and to explore what these definitions imply about how participants view management solutions.
Origins and Characteristics of SNAMP
In 2005, the California Resources Agency, representing a number of natural resources agencies, encouraged the US Forest Service to work with the University of California (UC) to help create an adaptive management project for fuels management in the Sierra Nevada in hopes of calming the controversy over forest management. This adaptive management project is unique: in addition to the usual two-party agencypublic dynamic, in SNAMP, UC researchers and UC Cooperative Extension personnel are acting as third-party outreach and science providers. Scientists are committed to researching the outcome of fuels treatments on water, wildlife, and forest health, while operating within a participatory adaptive management process as facilitated by Cooperative Extension. The premise is that this unique participatory process will increase public confidence in, and understanding of, US Forest Service management.
The planning document for the entire Sierra Nevada specifies the use of thinning treatments known as Strategically Placed Landscape Area Treatments (SPLATs; US Forest Service 2004). To study the US Forest Service's use of SPLATs UC researchers chose two study sites on the Sierra western slope: one in the southern and one in the northern Sierra (Figure 1 ). These types of midelevation conifer forests and brushy canyons are believed to be at exceptional risk for fire hazard (US Forest Service 2004). As of creating this article, 2-5 years of pretreatment data have been collected in anticipation of US Forest Service vegetation treatments and the US Forest Service has begun its treatments to create SPLATs at the two study sites.
How Sierra forest management policy will respond to research results and public participation is in the hands of the US Forest Service with its sole management decision- 
Implications
The four definitions of forest health (diversity, process, historical, and management) held by participants in a collaborative adaptive management project can lead to very different interpretations of the success or failure of a natural resource management effort. A participatory adaptive management process that fosters shared learning from the process of designing treatments and results of experimentation may be a way to foster the development of shared norms and expectations that has sometimes been described as the formation of a hybrid culture. Managers need to be aware of the importance of creating the space for the development of shared norms and understandings to create collaborative groups and processes effective in supporting forest management. making power. But the accomplishments of SNAMP will be interpreted through each person's image of forest health. This setting is ideal for analysis of stakeholder perspectives of forest health because the process seeks to include diverse perspectives but intends to create a final jointly agreed on list of management recommendations vetted by the agencies, researchers, and public, based on researchers sharing the experience of developing, analyzing, and interpreting the experimental treatments of adaptive management.
Methods
Forty-two qualitative in-depth structured interviews of SNAMP participants and nonparticipants were conducted. Purposeful selection from the population of individuals believed to have an interest in Sierran forests was used. Interviewees were categorized for selection purposes as researchers, US Forest Service employees, agency representatives, other frequent participants, other infrequent participants (two or fewer attendances at meetings), nonparticipants who were connected to the SNAMP forest sites or activities in some way, and Native American representatives, with 4 to 10 individuals interviewed from each category. Care was taken to assure that environmental organization representatives, forest industry representatives, ranchers, unaffiliated individuals, local government representatives, news reporters, fire safe council members, and recreation group representatives were all included in interviews. Interviews were conducted between June 2008 and October 2010.
The sampling population was derived from hundreds of candidates collected from the SNAMP participant list as well as the two US Forest Service project outreach scoping lists, contacts made when the SNAMP outreach team presented to local and regional groups, and key informant referrals from interviewees or team members. Interviews were continued until researchers were confident that the majority of perspectives of those with a connection to SNAMP had been sampled (Auerbach and Silverstein 2003) .
All but one interview was conducted by phone and interviews generally lasted up to 2 hours. Interview questions ranged from delving into the basic premises behind SNAMP to opinions on public land management, the US Forest Service, the National Environmental Policy Act, UC, nongovernmental organization (NGO) work in the Sierra, and SNAMP. With regard to forest health we asked, "Have you heard people use the term forest health? What comes to mind when you think of the term forest health? Do you have a particular way that you think of forest health? What would you look for to determine if a forest was healthy?" Interview transcripts were imported into NVivo (NVivo QSR Version 8.0, 1999 -2009 ; QSR International Pty, Victoria Australia) and iteratively coded for emergent themes (Lofland and Lofland 1995) . Although participants typically made comments that fit more than one theme, they were categorized by their major emphasis when responding to questions about forest health. By using a qualitative approach, we are able to uncover the nuances of SNAMP participant and nonparticipant viewpoints on these issues providing a glimpse of the variation likely to be reflected in other collaborative projects.
Results

Interviewee Demographics
Of the 42 interviewees two-thirds were male subjects and the vast majority had completed college, with some going on to postgraduate work. Respondents were between the ages of 30 and 85 years, had diverse income levels, and mostly grew up in suburban or rural settings that were not forested, but more than one-half now live in forested environments. The interviewees ranged in experience with natural resource or forest managements issues from a few years to over 50 years and 14 of the interviewees had not attended an SNAMP meeting as of the date of their interview.
Four Different Ways of Seeing of Forest Health
The interviews revealed some common themes-almost everyone mentioned fire in some way, many people mentioned forest stand condition and structure and the condition of the trees, as part of their description. The significance of forest water and wildlife components came up commonly as well. Nevertheless, four distinguishing themes in definitions of forest health emerged: fourteen respondents related forest health most strongly to diversity or biodiversity, which we term "Theme 1: Diversity" (Table 1) . A different nine interviewees tended to emphasize having functioning natural processes or resilience as indicative of forest health; we term this "Theme 2: Process." A separate 11 participants focused on historical conditions, often mentally comparing pictures of presuppression forests with those of today, and we consider this "Theme 3: Historical." The remaining eight respondents were more focused on active management as the determining factor for their definition of forest health, defining "Theme 4: Management." In addition to these four major viewpoints or themes, nine interviewees mentioned that the term forest health was politically motivated and had negative connotations for them, and, as some added, the term really meant "cutting down trees."
These four themes represent views held by participants before the inception of the project and show some correlations to type of participant. US Forest Service personnel is the only group represented fairly evenly through all the themes (Table 1 ). In contrast, UC researchers, agency representatives, and other active SNAMP participants tended to connect better with the diversity or process themes. The SNAMP nonparticipants tended to lean the other way, with more of them affiliating with historical and management themes.
Theme 1: Diversity
Fourteen people felt that species diversity or biodiversity was the crucial indicator of forest health. This group included SNAMP participants and nonparticipants and one or two people from every interview category. Almost one-half of those in this group grew up in forested and/or rural areas when compared with suburban or urban areas and most said they lived in forested environments at the time of the interview. All of them had at least some college education but most had professional or graduate degrees. This group reflected the overall variety in age and income levels but claimed slightly fewer years of experience in natural resources (mainly 30 years or less) and was evenly split between men and women.
Those interviewees who prioritized the diversity theme talked about aspects such as the variety of tree species within a forest but also placed emphasis on the myriad of other flora and fauna and frequently included water and watersheds in their descriptions. Commonly, these speakers talked past diversity into ideas of process, resilience, and balance but diversity was paramount in their image.
[To me, forest health is] biodiversity, maybe not too heavy a dying rate … Healthy forest equals a mature climax forest. [I would look for …] again, number of dead trees, large trees, bird pops, thickness of the duff for good water retention and little run off, lots of diversity all the way down to microscopic and then up to larger animals, the opposite being a forest clearcut. (Interview 7, environmental NGO active participant)
Theme 2: Process
Nine of the participants focused on ecological processes or ecosystem resilience to define forest health. This group diverged the most from the overall interviewee demographics. First, it was composed only of long-term active SNAMP participants. No participants who had been to only one or two meetings, or nonparticipants, prioritized this theme nor did any tribal representatives. All had been involved in SNAMP since inception or the start of active work in 2007. Of the interviewees as a whole, any use of the term resilience tended to come from those actively involved in SNAMP; only three light or nonparticipants used this term. Second, overall interviewees were well educated but this group was made up of only college graduates and most had completed a professional degree. Third, few of them grew up in a rural area and only one grew up in a forested environment, although just over one-half lived in a forested environment at the time the interview. This group had a range of experience in natural resource management similar to the interviewees as a whole, was of a variety of ages and mostly of male gender, but tended to earn slightly higher incomes.
The process theme was focused on the forest ecosystem as a whole and its ability to withstand change or disturbances such as fire or insect outbreaks. Again, this does not mean that people with this mindset would not use a pre-European setting as a benchmark but their dominant focus was on the processes rather than the moment in time. In addition, commonly, there was a connection made between processes and the diverse set of species and relationships needed to foster that idealized resilience.
[To me forest health is] resilience in the face of change. Diversity in terms of stand structure, landscape make up, species composition. Disturbance processes-are they active? Can I see that they are functioning? Successional processes-are they operating? They are really important. (Interview 24, industry active participant)
Theme 3: Historical
Eleven of the interviewees gave historical conditions a priority in their descriptions of what forest health meant. This group of interviewees was all of male gender but one, contained the largest variety in education levels (including the only two who had not finished high school), and showed diverse years of natural resource experience. The respondents espousing this theme were made up of more non-SNAMP participants and contained only one UC researcher, one US Forest Service representative, and one agency representative. The majority in this category did not grow up in a forested environment but just under one-half of them lived in a forested environment as of the time of the interview.
To most of the respondents prioritizing this thematic area, the historical definition meant that a goal for restoring forest health was recreating the forests of pre-European times dating to 100 -150 years ago in California. Their descriptions tended to reference snapshots or photographs, or a mental vision, of an earlier time, and they frequently connected current conditions with the lack of fire in the Sierran forests. In most cases they also mentioned the importance of water, diversity, ecological processes, and wildlife as secondary elements. 
Theme 4: Management
The final eight respondents were held together by their emphasis on management in their definitions of forest health. Most interviewee categories were present including the US Forest Service, but not university or agency representatives. Managementthemed respondents stand out for their age-they tended to be older, over 50 years old-and experience levels were dividedeither less than 10 years or over 30 years of time in natural resource work. As with the interviewees as a whole, this group was mainly of male gender, had a variety of income levels, was well educated, and few grew up in rural forested environments although more than one-half lived in forested environments at the time of the interview.
This group of respondents was more focused on the trees and imagined a forest without disease or overstocking when asked about forest health. They also generally included active human management in their definitions of forest health. Although other themes tended to overlap, this idea of active human management or intervention as part of what forest health entails was only mentioned by four interviewees in other categories (two historical and two process). 
Recognizing Forest Health as a Normative Term
Many respondents directly addressed the subjectivity and politics of the term forest health. Two of those from the management theme group had a problem with the term-one even refused to rate the forest health of the Sierra on a scale of 1-5, believing that many natural processes were mistakenly identified as a forest health problem:
The word is tainted for me … it is a term used by people who want to cut trees, it just means they want to cut trees. (Interview 30, recreation NGO attended zero meetings) An historically minded participant went on to describe a definition of forest health but started with this caveat, I suppose it is first and foremost a political term-intended to be persuasive in one way or another. (Interview 20, environmental NGO representative attended one meeting)
There are also two people in the diversity category that mentioned having an issue with the term, one said, 
Sierra Nevada Forest Health and Management
Although interviewees were chosen for their variety of backgrounds, professional affiliations, and levels of participation in SNAMP, and they showed differing definitions of what the term forest health meant to them in the abstract, there was much agreement on the status of Sierran forests and the methods to improve it. All but six interviewees mentioned that the state of the forests of the Sierra were generally poor and that they were overstocked with too many smaller trees and/or brush, and many respondents attributed this to the US Forest Service's policy of fire suppression.
Overall I think [the forest health of the Sierra] is pretty poor-we have, in our collective desire to meet human needs, we have kept out the primary ecosystem maintenance tool-fire-we did the exact opposite of what we should have and took the most fire resistant trees and replaced them with fire prone trees. Took the large trees and left nothing but small trees that are not fire resistant-we have done it to ourselves. (Interview 15, US Forest Service, historical) Most participants felt that what they considered natural or controlled and prescribed fires could be beneficial to the forests. However, almost all felt that catastrophic fire was a serious threat to the forests. Five interviewees who did not feel that fire in the Sierra was a danger all felt that fire was a natural part of the ecosystem and would be good for the ecosystem in the long run. A few specifically felt that high-severity fire was a positive thing. None of these interviewees came from the management forest health theme and they were not US Forest Service or UC researcher respondents.
Interviewees were also asked, "what kinds of things should be done to improve forest health in the Sierra?" And there was agreement across the board that some level of active management is necessary to improve Sierran forest health.
The forests need to be managed because we live in an ecosystem that is very different than what the forest is adapted to (Interview 2, UC researcher, process).
The most common active management strategy mentioned by interviewees was to decrease tree density, usually by thinning, while the second most popular was controlled or prescribed burning. A few people talked about the benefits of controlled burning but lamented the air quality restrictions that make it difficult to implement and therefore not a reliable tool. Respondents used terms such as "mechanical harvesting," "thinning," "reducing fuel loading (surface, ladder, and crown)," "promoting heterogeneity." and "mastication," to talk about the possible methods and goals of reducing trees and brush.
Discussion
Respondents drew on ideas about ecological diversity, processes and resilience, historical points in time, and active management to define forest health. The definitions of forest health found here reflect those found in other studies (Hull et al. 2003 , Warren 2007 . Interviewees represented the full range of terms used to describe health and they frequently used words thought to be vague and ambiguous (Hull et al. 2003) . The terms diversity and biodiversity were prominent in respondent definitions (Patel et al. 1999 , Hull et al. 2003 . These results do not show an emphasis on the impacts of forest health on local communities, local economies, or tourism (Hull et al. 2001 , Warren 2007 ) but one of the key issues underlying the entire debate in the Sierra is the impact of local residential encroachment into forests, including the need for more intense fire suppression. The historical viewpoint, actually quite common in discussions about the ecology of the Sierra, and shown here as an important component specifically of forest health, is reflected elsewhere in the literature in discussions of the desire for an authentic or original landscape (Hull et al. 2001) .
Results show more possibility for convergence than others have reported (Hull et al. 2002 , Warren 2007 . There was considerable overlap among the interviewees and none advocated the complete hands-off approach commonly found in other studies of forest health management (Hull et al. 2001 , 2002 , Warren 2007 , despite the fact that several respondents were representatives of major environmental NGOs, and some were from urban areas. Perhaps because of recent wildfires in California, most wanted to do something. The management grouping represents, to some extent, the opposite of the hands-off extreme and more closely aligns with the productive forest point of view of the study by Warren (2007) . For productivists, the "primary cause of unhealthy forests is a lack of human intervention" (Warren 2007, p. 103) .
Others have found that even when active management is a universally accepted practice, that conflict can still arise in the details of management (Abrams et al. 2005) . Here, too, it could be that it is in a specific contextual application that disagreement still lurks. This group clearly agrees that management is needed and also agrees on many of the management tools, but, e.g., conflict around the size of tree to be thinned could still pose an obstacle and give rise to legal action. However, if the variety of viewpoints can be acknowledged in collaborative projects, possibly, there will be more room for social learning as well as agreement or consensus (Norton 1991) .
The respondents who talked of a distrust of the term forest health were represented within each theme category, whereas in other research they were connected more with hands-off views of forest health (Warren 2007). Here, it was seen as a socially contrived term meaning cutting trees or policy speak for a new management regime. Half of those who hold this opinion do not actively participate in the adaptive management program, and this may be one reason why they choose to abstain. Although seeking forest health is an attractive concept for many, proponents should be aware that it is a turnoff for some and that to reach this group, they need another terminology. It is also apparent that although scientists and managers uniformly felt that intense fires were not a good thing, there is a stakeholder group that believes otherwise. This group also has little motivation to participate in a program aimed at reducing such fires.
Conclusions
Agreement on terms such as forest health at project outset has been suggested as an important way to begin collaborations but it is frequently overlooked (FernandezGimenez and Ballard 2011) and may, in fact, inhibit creating shared norms and understandings of terms and goals as part of a social learning process over a longer time period engaged with an adaptive management or other collaborative process. Recognition of the opportunities inherent in the initial ambiguity and frustration with the slow process of coming to agreement are reflected in an e-mail received by an author of this article about a conference she was planning:
I think that there is still way too much ambiguity over what everyone's vision is of the fire resilient forested landscape … I'm convinced that if we gave everyone a sheet of paper and had them visualize then draw their fire resilient forested landscape of the entire Sierra Nevada we would have many different pictures and that is the root cause of our inability to manage these forestseveryone thinks we should be headed to different places at different points in time. Thus, there is no agreement on what to do, how, when, and why.
However, it is possible that this ambiguity may create space where learning from the adaptive management process can occur. Those who have been most active in this adaptive management project tend to link healthy forests to functioning ecosystem processes, which might be explained as the development of a hybrid culture: shared meanings, norms for operations, and expectations about the process of working together (Earley and Mosakowski 2000) . This appreciation for processes may transfer to a commitment to the processes of SNAMP or may derive from it (McHugh et al. 2008) . Ironically, the process oriented are more likely to use difficult-to-measure concepts such as resilience and biodiversity as criterion for success and are less likely to use specific outcomes for the trees or forest structure and fire hazard as measures of the success of the project. This means that the basis of their assessments of success or failure is less quantifiable and specific. This flexibility could leave more room for compromise and, perhaps, recognizes the need to accommodate the mental models of diverse participants. The adaptive management process of learning together from experimentation may be particularly effective in fostering the development of shared norms. An important question for future study is whether mental models for forest health continue to converge among active participants as the project continues, indicating the viability of a hybrid culture that can support management action to steward the forest, instead of the more characteristic gridlock. For example, an active participant, 4 years into the process, commented recently that I have come to recognize that because of climate change for example, simply going back to a forest from 1850 or 1870 may not be the sole criteria. I thought we would look to see what that unmolested forest was and try to go for that … I had an overly romanticized idea of what an ideal Sierra forest should be …
The gradual development of a hybrid culture might be an indicator of progress in a collaborative effort.
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